To report the refractive changes after cataract surgery and intraocular lens (IOL) implantation in Hong Kong Chinese children.
INTRODUCTION
Implantation of posterior chamber intraocular lenses (IOLs) in the eyes of selected children having cataract surgery has become common worldwide. The effi cacy and safety of this procedure have been well documented in many studies. [1] [2] [3] [4] [5] [6] [7] [8] However, the selection of IOL power for implantation in children remains controversial.
One way to predict the target refraction for the patients is based on the anticipated myopic shift developing after the IOL implantation. Only a few articles have reported the long-term refractive changes after pediatric IOL implantation according to different age groups. Enyedi et al. reported refractive change in 83 pseudophakic eyes with an average follow-up of 26 months. 9 They found a larger and more rapid myopic shift in younger than in older children. Plager et al. reported 38 pseudophakic eyes with a follow-up of more than 6 years. 10 They demonstrated that the rate of myopic shift and variability among individuals decrease with age. Owing to the higher prevalence and greater severity of myopia in Eastern Asian regions, especially Hong Kong, 11, 12 the pattern of myopic shift may be different from the Western groups. Yang et al. 13 reported the rate of myopic shift in 31 unilateral pseudophakic eyes in Taiwan, but the amount of refractive change was not mentioned. We sought to report the refractive changes after cataract surgery and IOL implantation in Hong Kong Chinese children. Such information may be useful to predict what refractive change to expect and therefore what IOL power to select at various ages in Asian children.
Approval from the ethics committees of the institutions was not required for this retrospective study. Informed written consent for the surgical procedures was obtained from all patients and their parents. The study protocol followed the principles of the Declaration of Helsinki.
PATIENTS AND METHODS
The clinical records of all patients who had cataract extraction and IOL implantation before age 18 years between 1993 and 2008 were studied retrospectively. Patients with all types of cataract (traumatic, developmental, iatrogenic, unilateral, or bilateral) and either primary or secondary IOL implantation were included. Thirty-two eyes of 25 patients who met the criteria were included in the study.
All patients underwent keratometry measurements using the Retinomax hand-held system (Nikon, Melville, NY). Axial length was measured using ultrasound biometry (Storz Compuscan; Storz Ophthalmic Inc., St. Louis, MO). Both of these procedures were performed in the operating room under general anesthesia before the surgery. IOL power was determined using the Hoffer Q formula.
The refractive errors of all patients determined by cycloplegic refraction at 6 weeks, 3 months, 6 months, and 1 year postoperatively and then annually thereafter were included for analysis. All patients with more than 2 years of follow-up were included in the study. Patients were stratifi ed into groups according to their age at IOL implantation for analysis. Results are presented as means and variations as standard deviations. The refractive error was calculated as the spherical equivalent refraction in diopters (D) using the algebraic power of the sphere plus half the cylindrical power.
Surgical Techniques
All cataract surgeries were performed by one of two surgeons (PKWW and STCK) using similar techniques. In brief, a scleral incision 2 mm long and 2.85 to 6.0 mm wide was made (depending on type of IOL to be implanted), tunneling into clear cornea and entering the anterior chamber. An anterior capsulorhexis was created with a manual continuous curvilinear tear. All lens contents were aspirated with a phacoemulsifi cation or irrigation/aspiration handpiece. Primary IOL implants were generally done in patients older than 1 year. A soft acrylic threepiece IOL or a polymethylmethacrylate (PMMA) single-piece IOL was inserted into the capsular bag, either before or after manual posterior continuous curvilinear capsulorhexis or vitrectorhexis. Patients younger than 1 year of age were left aphakic and a secondary IOL was inserted when they were older than 1 year or became intolerant of the contact lens. The capsule was polished to reduce lens epithelial cells during cataract extraction, and an attempt to reopen the bag was tried during secondary IOL implantation. If this was unsuccessful, the IOL would be put in the sulcus. In patients older than 6 years, the posterior capsule was left intact if they could tolerate a preoperative challenge of inserting a capsulotomy lens and Nd:YAG laser capsulotomy would be performed later if necessary. The children were followed up at 1 day, 1 and 2 weeks, and 4 and 6 weeks postoperatively and then at intervals of 3 to 6 months. Serial cycloplegic refraction was performed postoperatively.
Statistical Analysis
The length of follow-up was defi ned as the difference between the date of the last known visit and the date of the surgery, expressed in months. Change in refractive error was defi ned as the refractive error at the last known visit minus the fi rst documented postoperative refraction. Patients were grouped based on their age at the time of surgery.
All analyses were performed with statistical software (StatLab, SPSS for Windows, version 16.0; SPSS, Inc., Chicago, IL).
An analysis of variance (ANOVA) model was used to evaluate the change in refractive error and the rate of change in refractive error as a function of age at surgery. Pairwise comparisons were adjusted using the Tukey multiple comparison procedure. The paired t test was used to evaluate the refractive change between the eyes operated on and fellow eyes of different age groups in all unilateral cases. The independent t test was used to evaluate the rate of refractive change in comparing males to females, unilateral to bilateral cases, traumatic to nontraumatic cases, amblyopic to nonamblyopic eyes, primary to secondary intraocular lenses, or PMMA to acrylic IOLs. A P value of less than .05 was considered signifi cant for all tests.
RESULTS
The characteristics of 32 eyes of 25 children are summarized in Table 1 . Of these, 26 eyes (81.3%) had developmental cataracts, 3 eyes (9.4%) had traumatic cataracts, and 3 eyes (9.4%) were iatrogenic (from surgical or medical treatment). Most IOLs were placed primarily (26 eyes, 81.3%). There were 6 patients aged 0 to 2 years, 11 patients aged 3 to 5 years, 5 patients aged 6 to 8 years, 3 patients aged 9 to 11 years, and 7 patients aged 12 to 17 years. The average age at lens implantation was 87 months (range: 18 to 204 months). The average follow-up was 52.5 months (range: 24 to 108 months). The mean refractive change versus different age group has been summarized in Figure 1 . Table 2 presents the total change and rate of change in refraction of the eyes after IOL implantation. The difference in total change in the refraction and in the rate of change of refraction were both statistically signifi cant among different age groups (P < .001, ANOVA). Pairwise comparisons among the age groups showed that patients who were 0 to 2 years old at the time of surgery had a signifi cantly larger myopic shift rate than patients who were 6 to 8 years (P = .042), 9 to 11 years (P = .015), and 12 to 17 years (P = .01) old. Patients who were 3 to 5 years old also demonstrated a signifi cantly higher myopic shift rate than patients 12 to 17 years old (P = .005). Table 3 shows the subgroup analysis of all unilateral cases comparing the refractive change in the pseudophakic eye and the fellow eye. There was no signifi cant difference between the pseudophakic eyes and the fellow eyes in each age group using paired t tests.
The average rate of change for all patients was -0.07 ± 0.07 D per month. The average rate of progression in patients before 9 years (groups 1 to 3) was -0.10 ± 0.07 D per month and that before 11 years (groups 1 to 4) was -0.09 ± 0.07 D per month. The younger children tended to have a more rapid myopic shift than did the older children (Table 2) .
No statistically signifi cant difference in the rate of refractive change was found when comparing males to females (P = .215), unilateral to bilateral cases (P = .051), traumatic to nontraumatic cases (P = .604), or eyes with good postoperative visual acuity better than 0.4 to those with poorer vision because of amblyopia (P = .346). There was a statistically signifi cant difference for the initial comparison between PMMA and acrylic IOLs (P = .022) and primary to secondary IOL cases (P = .001), which became insignifi cant after adjustment with age (P =.0.749 and 0.724, respectively). The average duration of aphakia before placement of the lens was 20 ± 11.9 months (range: 7 to 39 months). No relationship was found between the duration of aphakia and changes in the rate of refractive change (Spearman correlation = 0.406, P = .425), nor was there any association between the axial length and the change in the rate of refractive change (Pearson correlation = 0.337, P = .064). Data of fellow eyes in 6 cases was not available and thus excluded in analysis DISCUSSION Normal phakic eyes elongate rapidly during the fi rst 2 years of life and continue at a slower pace until stabilizing toward the end of the fi rst decade.
14 The corneal curvature change and lens growth during childhood would also affect the refractive change. In the ideal phakic situation, these three variables change in concert over time so that the eye remains emmetropic. Thus, when the crystalline lens is surgically removed during the developmental years, a trend toward decreasing hyperopia (myopic shift) should be inevitable as a result of ongoing axial elongation.
11
McClatchey and Parks calculated the theoretic long-term refractive effects of pseudophakia in a large group of aphakic eyes with long-term followup and predicted a 6.6 D mean myopic shift over a mean follow-up of 11 years. 15 Children aged 2 years and younger at the time of surgery had a signifi cantly greater predicted myopic shift and a greater variance in the predicted refractive change than those older than 2 years at the time of surgery. Plager et al. reported 38 pseudophakic eyes with a follow-up of more than 6 years. 11 They demonstrated that the rate of myopic shift and variability among individuals decreases with age. The pseudophakic refractive change tends to follow a logarithmic regression curve.
Our fi ndings are consistent with previous Western studies in that we found an overall myopic shift, which was greatest in the youngest patients and continued until at least age 8 years. We also demonstrated that the sex, laterality, type of cataract and postoperative visual acuity, material of IOL, and primary or secondary IOL implantation were not signifi cant factors for the postoperative refractive change.
Enyedi et al. reported refractive change in 83 pseudophakic eyes with an average follow-up of 26 months. 10 They found a larger and more rapid myopic shift in younger than in older children. They also demonstrated a greater mean myopic shift in the pseudophakic eye compared with the fellow phakic eye, especially in younger patients. However, our subgroup analysis found no difference in the myopic shift between the pseudophakic eyes and the fellow normal phakic eyes. One possible explanation for our results is the small sample size in each subgroup to make the difference statistically signifi cant. Another explanation may be attributed to the racial factor. 13 Due to the higher prevalence and greater severity of myopia in Asian countries, the myopic shift in the fellow phakic eyes in our patients may be greater than that in white groups.
Our results support our practice of undercorrecting young children at the time of surgery (targeting for a hyperopic correction) in anticipation of a signifi cant myopic shift over time. Based on the results of our study, we recommend aphakia with contact lens correction in children younger than 1 year. Secondary IOL implantation is indicated when there is contact lens intolerance or at 3 to 4 years of age when refractive change slows down. If parents refuse or are unable to comply with contact lens care and the child is older than 1 year, we recommend primary IOL implantation. The refraction of the fellow eye, density of the amblyopia, and anticipation of anti-amblyopia treatment often need to be respected in determining the immediate postoperative refraction of the pseudophakic eye.
In general, we recommend an immediate postoperative refractive goal according to Table 4 for children younger than 18 years. Postoperative ametropia can be corrected with temporary contact lens or glasses in children younger than 2 years. Because contact lens intolerance is frequent in children older than 2 years, it is preferable to leave the eye emmetropic or slightly myopic so that the child can achieve better unaided near and mid-distance vision. This can decrease the risk of amblyopia development. A pair of glasses with near add is ideal if the child can tolerate this. The tolerance for glasses is usually good in children older than 4 years in Hong Kong; the residual ametropia can be easily corrected with glasses.
There are some limitations in our study. First, it is a retrospective study, in which some data are miss- ing for the analysis. Second, our series is relatively small with a short follow-up time. A larger sample size with a longer follow-up time would more truly refl ect the refractive change in each group.
CONCLUSION
There is a trend toward increasing postoperative myopia in pediatric patients undergoing IOL implantation. This myopic shift is greatest in the younger age groups and persists until at least 8 years of age. The mean rate of myopic shift also decreases with age. However, the prediction of future myopic shift of a given individual remains diffi cult, especially in younger patients. In pediatric cataract extraction, the prime goal is to enhance vision development. The benefi t of achieving emmetropia when the child grows up should be balanced against the problem of transient blur in the postoperative period caused by the residual ametropia. There is no common consensus on the optimum target refraction. A detailed discussion with parents and their motivation in complying with contact lens use is important in the determination of target refraction.
